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SUMMARY The effect of reperfusion achieved by early intracoronary streptokinase in acute myo-
cardial infarction on left ventricular function was studied in 533 patients enrolled in a prospective
randomised multicentre study. Two hundred and sixty four patients were allocated to con-
ventional treatment and 269 patients to thrombolysis. At the end of the procedure patency of the
infarct related vessel was achieved in 198 (85%) of 234 patients in whom coronary angiography
was performed. The median interval from onset ofsymptoms till the angiographic documentation
of patency was 200 minutes. Data were analysed according to the original treatment allocation.
Global left ventricular ejection fraction was determined by radionuclide angiography in 418
patients within two days of admission, in 361 patients after two weeks, and in 307 patients after
three months. Global left ventricular function remained unchanged throughout the observation
period in the control group, whereas it improved during the first two weeks in patients allocated
to thrombolytic treatment. Improved function in these patients persisted up to three months after
the infarction. Global left ventricular ejection fraction was significantly better in the thrombolysis
group than in the control group at two days, two weeks, and at three months. In patients with
anterior myocardial infarction the left ventricular ejection fraction was 9% better than in the
control group at two weeks and at three months. In the patients with inferior myocardial
infarction differences between the two treatment groups were smaller because of photon attenu-
ation within the body. Angiographic evidence suggested that the improvement in function seen
after thrombolysis is indeed associated with the patency of the infarct related artery.
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Improvement in left ventricular function after thrombolytic treatment in myocardial infarction
In approximately 80% of patients with acute myo-
cardial infarction, recanalisation of the infarct
related coronary artery, which is usually occluded,
can be achieved by intracoronary administration of
streptokinase. Although data from earlier small ran-
domised trials were inconclusive,I7 the trial con-
ducted by the Netherlands Interuniversity
Cardiology Institute showed that recanalisation,
which was achieved in 85% of patients, reduced by
30% the infarct size as estimated by myocardial
enzyme release, preserved global left ventricular
function as measured by contrast angiography, and
improved one year survival.8- 10 In addition to these
measurements, radionuclide angiography was per-
formed early after admission, at the time of hospital
discharge, and after three months. These radio-
nuclide studies demonstrated that the beneficial
effects of thrombolytic treatment on left ventricular
ejection fraction persisted for at least three months.

Patient selection and study protocol

From June 1981 till March 1985, 533 patients were
enrolled at five hospitals in a trial to compare con-
ventional treatment and a strategy aimed at early
recanalisation by intracoronary administration of
streptokinase. Patient selection, study protocol, and
procedures have been described in detail.8-12
Briefly, patients under 71 years of age who had typi-
cal chest pain for >20 minutes and electro-
cardiographic signs of myocardial infarction were
eligible for this trial if they were admitted to the
coronary care unit within four hours of the onset of
chest pain. Exclusion criteria were: previous treat-
ment with streptokinase or bypass surgery of the
infarct related vessel, a high risk for bleeding such as
recent trauma, traumatic resuscitation, haematuria,
and pregnancy or inability to give informed consent.

Patients were randomly allocated to thrombolysis
or conventional treatment. Only patients allocated to
thrombolytic treatment were asked for informed
consent.' 3

Patients were given intravenous heparin (5000 U),
100mg prednisolone, and 250mg acetylsalicylic acid
before angiography. Lignocaine (200 mg/min) and
intravenous glyceryl trinitrate were also given. After
visualisation of the infarct related vessel, intra-
coronary streptokinase was given at a rate of 4000 IU
per minute till reperfusion was achieved or until the
clot was completely lysed. Usually a maximum dose
of 250 000 IU was administered. Patients with ini-
tially incomplete obstruction were given strep-
tokinase for at least 15 minutes. From January 1984,
after it had become apparent that preparation of the
catheterisation laboratory delayed the intracoronary
streptokinase infusion by about an hour and that

intravenous streptokinase treatment produced
patency of about 50% of vessel,'4 15 we decided to
start thrombolytic treatment in the coronary care
unit immediately after informed consent had been
obtained. Since then 500000 units of streptokinase
have been infused over 10 to 20 minutes. Patients
who refused thrombolytic treatment and those who
were unsuitable for such treatment were given con-
ventional treatment. 16 Treatment with full dose
intravenous heparin was started and anticoagulation
was continued with coumadin until hospital dis-
charge.'7 Coronary angiography and contrast ven-
triculography were performed two to six weeks after
admission.

RADIONUCL IDE ANGIOGRAPHY
Gated equilibrium radionuclide angiography was
performed between the first and the third day after
admission with a gamma camera (Cardiac camera,
Siemens Gammasonics; Philips P 855 M; or Medical
Data Systems-A2). Red blood cells were labelled in
vivo with pyrophosphate and then with 15 mCi
(555 MBq) of technetium-99m. Angiograms were
obtained 10 minutes after injection. An approxi-
mately 450 left anterior oblique view with a 100 cra-
nial tilt was selected to give the best separation of the
left and right ventricles. A low energy, all purpose
collimator was used. A 20% window was set sym-
metrically around the 140 keV gamma peak and data
were collected in a matrix of 64 x 64 pixels. Gating
at 20 frames per cycle was used. Data were acquired
over six minutes and stored on disc. Global left ven-
tricular ejection fraction was computed by means of
an automated edge detection program which has the
advantage of a low operator interaction and a good
reproducibility' 8 or with the commercially available
software of the MDS or Philips systems.'9 With
both systems we used a dual, variable region of
interest technique with background subtraction.
The radionuclide angiography study was repeated

with the same system before hospital discharge and
three months after the acute event. The studies
were evaluated without knowledge of the patient's
identity or treatment. Serial concentrations of
a-hydroxybutyrate dehydrogenase (HBDH) or lac-
tate dehydrogenase (LDH) levels were measured to
estimate the infarct size.920

DATA ANALYSIS
The data were analysed according to the original
treatment allocation. Furthermore, the effect of
thrombolysis on left ventricular function was stud-
ied in subsets of patients determined by infarct site
and previous history. The ejection fraction data are
given as means (SD). Student's t test was used for
comparisons between groups and data within indi-

415



416

vidual groups were compared by the paired t test.

Frequency distributions were compared by the X2
test or the Mann-Whitney test. Two tailed p values
<0 1 are reported and p values <0 05 were

regarded as significant.

Results

Two hundred and sixty four of the 533 patients were
assigned to conventional treatment and 269 patients
to thrombolysis- 1 52 to intracoronary streptokinase
and 117 to intravenous streptokinase immediately
followed by intracoronary thrombolytic treatment.
The median interval between onset of symptoms
and admission to the coronary care unit was 90
minutes.8 Thirty five patients who had been allo-
cated to thrombolysis did not receive this treatment
because they refused it (20 patients), because it
failed to reach the coronary artery (6 patients),
because of early death (one patient), because of
contraindications detected after randomisation (3
patients), or because the chest pain resolved and the
electrocardiogram became normal shortly after ran-

domisation (5 patients).8 Two hundred and thirty
four patients had coronary angiography and 65
patients, of whom 40 had received intravenous
streptokinase, showed a patent infarct related vessel
at the first angiogram. Recanalisation of the
occluded vessels was achieved in 133 (79%) of 169
patients. In 198 (85%) of 234 patients the infarct
related vessel was patent at the end of the procedure.

Res, Simoons, van der Wall, et al

The median interval from the onset of symptoms to
angiographic imaging of a patent infarct related ves-
sel was 200 minutes. Forty six patients in the throm-
bolysis group had percutaneous transmural
coronary angioplasty in the acute phase as part of the
recanalisation procedure.
The first radionuclide angiographic study was

performed on 418 patients, the second study before
hospital discharge on 361 patients, and a third study
at three months follow up on 307 patients. In some

patients radionuclide angiograms were not obtained
because they had died, had had bypass surgery or
recurrent myocardial infarction, or had refused to
participate in further studies. Table 1 shows that the
baseline characteristics and the infarct size deter-
mined by cumulative a-hydroxybutyrate release
were similar in the randomised group of patients and
in the subgroups with early and late radionuclide
angiograms. There were no baseline differences
between patients allocated to conventional treatment
and those allocated to thrombolysis.
The left ventricular ejection fraction measured by

radionuclide angiography was greater after throm-
bolysis in the total population and in various sub-
groups after two days, two weeks, and three months
(table 2); however, the variability of the mea-
surements was considerable (fig 1). There were no
changes in global left ventricular function in con-
ventionally treated patients. In patients allocated to
thrombolytic treatment there was a gradual
improvement in left ventricular ejection fraction

Table 1 Baseline characteristics of all 533 patients with acute myocardial infarction in the study and of the patients who had
radionuclide angiography (RNA)

RNA 2 days RNA 2 weeks RNA 3 months

C T C T C T C T

No 264 269 200 218 172 189 144 163
Age (mean) 55 56 54 55 55 56 54 56
Male 224 217 167 177 146 154 121 131
Myocardial infarction 60 56 41 39 34 31 28 27
Bypass surgery 8 5 5 5 7 2 4 2
Angina pectoris 165 158 124 123 99 108 85 91
Pulmonary rales 40 40 28 35 25 28 16 20
Acute congestive failure

or shock at admission 11 12 4 7 3 7 3 5
Missing data:
Dead 17 7 27 12 34 19
Other reason - - 46 53 64 68 87 88

Angiographic data:
No angiography .35 23 21 16
0-0 65 53 45 42
0-0 133 111 103 87
0-0 36 31 20 18

Cumulative HBDH release
(units, median) 1140 760 1040 760 1180 800 1090 710

0-0, patent at first angiography with no subsequent occlusion;
0-0, occluded infarct related vessel at first angiography with subsequent reperfusion;
*-0, persistent occlusion.
HBDH, a-hydroxybutyrate dehydrogenase.



Improz'oment in left ventricular function after thrombolytic treatment in myocardial infarction
Table 2 Left ventricular ejection fraction determined by radionuclide angiography in the total population and in subgroups
ccordipg to infarct site and history of previous myocardial infarction*

Control Thrombolyszs

No Mean (SD) No Mean (SD) p

Total. 264 269
2 dass 200 43 (14) 218 45 (14) 0.05
2weeks 172 44 (15) 189 48 (15) 0.003
3months 144 45 (15) 163 50 (14) 0.002

Anterior \11: 116 130
2davs 86 34 (13) 100 39 (13) 0.01
2 weeks 68 35 (14) 89 44 (16) 0 0006
3months 61 39 (15) 73 48 (16) 0.001

Inferior .\ 1: 148 139
2dass 114 49 (12) 118 50 (12)
2 weeks 104 49 (12) 100 52 (12) 0.07
3months 83 50 (13) 90 53 (13)

First klI 204 213
2dass 159 44 (14) 179 47 (13) 004
2 wceks 138 46 (15) 158 50 (14) 0.009
3months 116 47 (15) 136 52 (13) 0.003

Previous \11: 60 56
2dass 41 37 (14) 39 37 (13)
2wecks 34 35 (11) 31 39 (13)
3 months 28 38 (14) 27 41 (15)

The total number of patients in each group is given as well as the numbers of patients with radionuclide angiograms.
MI, mi.ocardial infarction.
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418 Res, Simoons, van der Wall, et al

Table 3 Change in left ventricular ejection fraction (A EF) in the main group and subgroups

Control Thrombolysis

No Mean (SD) p No Mean (SD) p

Total:
A EF 1 141 09 (11 1) NS 161 3.7 (94) 00001
A EF2 115 1-7 (12-5) NS 139 3 6 (12-1) 0 0005

Anterior MI:
A EF 1 58 1 3 (8 7) NS 71 4 9 (9 4) 00001
A EF 2 50 2 9 (10 3) 005 60 5 4 (12-8) 0-002

Inferior MI:
A EF 1 83 07 (126) NS 90 28 (93) 0005
A EF2 65 07 (140) NS 79 23 (114) 0-08

First MI:
A EF 1 113 13 (119) NS 137 36 (94) 00001
A EF2 93 21 (130) NS 117 3-4 (118) 0003

Previous MI:
A EF 1 28 -0.5 (7 3) NS 24 4-4 (9 2) 003
A EF2 22 -01 (105) NS 22 51 (13-4) 009

A EF 1, change in LVEF at 2 days and 2 weeks; A EF 2, change in LVEF at 2 days and 3 months; MI, myocardial infarction.

during the first two weeks and no further changes up
to three months after the infarction (table 3).
Differences between the two treatment groups were
most pronounced in patients with anterior wall or
anteroseptal infarction, and less obvious in patients
with inferior wall infarction (table 3, figs 2 and 3).
Changes in left ventricular ejection fraction between
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early and late measurements were similar in patients
allocated to thrombolytic treatment whether or not
they had had a previous myocardial infarction. The
lack of statistical significance between the two treat-
ment groups with a previous infarction was probably
the result of the small numbers of patients.
An angiographic improvement in left ventricular
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Improvement in left ventricular function after thrombolytic treatment in myocardial infarction
Table 4 Left ventricular ejection fraction in patients
allocated to thrombolytic treatment in relation to the results
of the intervention and infarct site

Anterior Inferior

No Mean (SD) No Mean (SD)

Patent at first angiography with no subsequent occlusion
2 days 25 42 (15) 28 54 (12)
2 weeks 22 50 (15) 23 56 (10)
3 months 18 51 (16) 24 56 (12)

Occluded infarct related vessel at first angiography with
subsequent reperfusion

2 days 50 39(13) 61 51 (11)
2 weeks 49 42 (15) 54 54 (13)
3 months 40 47 (15) 47 54 (10)

Persistent occlusion
2 days 17 37 (12) 14 41 (14)
2 weeks 9 39 (14) 11 44 (12)
3 months 9 40 (14) 9 42 (14)

No angiography
2days 8 38 (13) 15 49(10)
2 weeks 9 44 (21) 12 48 (13)
3months 6 52 (15) 10 47 (17)

Percutaneous transluminal coronary angiography
2 days 23 34 (10) 15 50 (11)
2 weeks 23 42 (16) 12 56(10)
3 months 15 52 (16) 11 56 (7)

See footnotes to tables 1 and 2. A subset of patients underwent
immediate percutaneous transluminal coronary angiography; these
are presented separately but have also been included in the other
groupings.

ejection fraction was seen mainly in patients with
anterior wall infarction and an open infarct related
vessel at angiography and those who showed reper-
fusion (tables 4 and 5). Ejection fractions were most
improved in patients who had percutaneous trans-
luminal coronary angioplasty immediately after
thrombolysis both in anterior and in inferior wall
infarction (table 5). We also saw a non-significant

improvement in global left ventricular ejection frac-
tion in patients with a persistent occlusion despite
thrombolysis. But the number of patients in this
group was too small for a conclusion to be reached.

Differences between the two treatment groups
were similar in patients admitted before and after
January 1984. Thus the more prompt thrombolysis
achieved by pretreatment with intravenous strep-
tokinase had no apparent effect on global ejection
fraction.
During the three months between admission and

the third radionuclide angiographic study myo-
cardial infarction was less frequent in the control
group. There were 13 reinfarctions in the control
group (four anterior and nine inferior) compared
with 25 patients (5 anterior and 20 inferior) in the
thrombolysis group. In 35 out of these 38 patients
reinfarction occurred in the same myocardial area as
the index infarction. Despite reinfarction, global left
ventricular function did not change between two
weeks and three months in the 25 patients allocated
to thrombolytic treatment (mean change in ejection
fraction 0 5%), while there was 13 2% loss in ejec-
tion fraction in the conventionally treated patients.

Discussion

Earlier reports of this trial indicate that throm-
bolysis reduces the infarct size, as determined by
myocardial enzyme concentrations9; preserves
global and regional left ventricular function, as mea-
sured by contrast angiography'0; and improves sur-
vival.8 The present analysis shows that preservation
of global left ventricular function was already appar-
ent two days after admission, became more promi-
nent at two weeks, and persisted throughout the

Table 5 Change in left ventricular ejection fraction (A EF) in 269 patients allocated to thrombolysis according to the
patency of the vessel and attempted percutaneous transluminal angiography

Anterior Inferior

No Mean (SD) p No Mean (SD) p

Patent at first angiography with no subsequent occlusion
A EF 1 18 90 (10 3) 0002 21 1-5 (63) NS
A EF 2 14 84(141) 004 20 3-2 (10-4) NS

Occluded infarct related vessel at first angiography with subsequent reperfusion
A EF 1 39 25 (80) 006 48 37 (98) 001
A EF2 34 4-0 (12-0) 0-06 42 2 7 (11 2) NS

Persistent occlusion
A EF 1 9 5 1 (10 0) NS 10 2 2 (7 9) NS
A EF2 9 3-3 (139) NS 9 28 (110) NS

No angiography
AEF1 5 80(117) NS 11 18(128) NS
A EF 2 3 13 7 (12-5) NS 8 -2.6 (15 8) NS

Percutaneous transluminal angioplasty
A EF 1 17 76 (85) 0002 10 93 (79) 0005
A EF 2 12 9-7 (14-5) 004 9 8-6 (9-9) 003

Paired analysis of changes in left ventricular ejection fraction in the same patients as table 4.
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three month observation period. The mean left ven-
tricular ejection fraction in conventionally treated
patients did not change between two days and three
months after admission.
The improvement of global left ventricular ejec-

tion fraction measured by gated equilibrium radio-
nuclide angiography was greater in patients with
anterior myocardial infarction than in patients with
inferior infarction. In patients with anterior wall
infarction global left ventricular ejection fractions
were 9% higher after two weeks in patients allocated
to thrombolytic treatment than in patients treated
conventionally. This resembles the 7% difference
(50 (13)% and 43 (14)% respectively) measured by
contrast angiography in the same study.10 In
patients with inferior myocardial infarction the
difference between the two treatment groups was
smaller by radionuclide angiography than by con-
trast angiography (8%). This is probably the result
of photon attenuation of technetium-99m in the
body.2' 22 This attenuation causes volume changes
close to the chest wall to be more strongly repre-
sented in the scintigraphic images than volume
changes in the inferoposterior region of the left ven-
tricle.
At two weeks both radionuclide angiography and

contrast angiography showed that patients with an
open infarct related artery at admission had the
highest left ventricular ejection fractions, those with
successful recanalisation had lower fractions, and
patients with persistent occlusion had the lowest
fractions. Since left ventricular pressure mea-
surements and heart rate were the same in both
treatment groups salvage of myocardial cells must be
responsible for the improvement in ejection fraction.

Radionuclide angiograms obtained between one
and three days after admission indicate that part of
the improvement in left ventricular function after
thrombolysis has already occurred. There was a fur-
ther improvement up to two weeks after admission
in patients allocated to thrombolysis, but no further
change between 2 weeks and 3 months. This sug-
gests that recovery of myocardial function after pro-
longed ischaemia was complete at two weeks.23
Echocardiographic studies have shown a similar
progressive improvement in the first ten days.24 In
future studies on the effect of thrombolytic treat-
ment measurements of left ventricular function
obtained after approximately two weeks will be ade-
quate and little if any knowledge will be gained by
restudy after a longer interval.

Unlike several other studies we did not measure
left ventricular function at randomisation. This was
because we did not want to delay the start of throni-
bolytic treatment. Because the distributions of all
other baseline data between the two treatment
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groups were similar it is unlikely that baseline
differences in left ventricular function or in haemo-
dynamic state will account for the differences
measured in the first few days of infarction.

Because patients died before radionuclide angio-
grams could be obtained or refused to undergo fur-
ther investigations data were missed from this study.
Data on patients who had bypass surgery or per-
cutaneous transluminal coronary angiography else-
where were also missed. It is unlikely, however, that
the differences between conventionally treated
patients and those allocated to thrombolysis are the
result of selection bias. Baseline data in patients with
and without follow up radionuclide angiograms
were similar and the results of independent
enzymatic measurements of infarct size were similar
in patients allocated to thrombolysis and controls
with and without radionuclide angiography (table
1).
Most other randomised studies of intracoronary

thrombolysis have not shown an effect on global left
ventricular ejection fraction. 24-625 This is due in
part to the small number of patients studied and
probably to the long interval between onset of symp-
toms and thrombolytic treatment in most other
studies. In the present study the interval was only
195 minutes (median), whereas it was 276 minutes in
the Western Washington Trial which included 250
patients, 100 of whom underwent radionuclide
angiography.4" One other randomised trial of 50
patients did show preservation of global left ventric-
ular function after intracoronary thrombolytic treat-
ment.3 Mean treatment delay in that study was 240
minutes, and these workers also reported data on
myocardial enzyme release that are compatible with
a 40% reduction of myocardial infarct size.8 The
initial response to intracoronary treatment with
streptokinase within the first few hours after the
onset of myocardial infarction was cautious,26 but
we believe that now there is sufficient evidence to
prove that this treatment preserves global and
regional left ventricular function and improves sur-
vival. The preservation of the left ventricular func-
tion persists for at least three months despite the
higher rate of recurrent myocardial infarction after
thrombolysis. Further studies should define the sub-
groups of patients that are most likely to benefit
from this intervention. Furthermore, studies should
be performed to compare the effects of different
methods of thrombolysis-such as intravenous
administration of streptokinase, intravenous
infusion of acetylated streptokinase-plasminogen
complex, or tissue plasminogen activator and intra-
coronary streptokinase-that can if necessary be fol-
lowed by immediate mechanical perforation and
percutaneous transluminal coronary angioplasty.
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